Abstract -Melt inclusions were studied in chrome diopside from the Inagli deposit of gemstones in the Inagli massif of alkaline ultrabasic rocks of potassic affinity in the northwestern Aldan shield, Yakutia, Russia. The chrome diopside is highly transparent and has an intense green color. Its Cr 2 O 3 content varies from 0.13 to 0.75 wt %. Primary and primary-secondary polyphase inclusions in chrome diopside are dominated by crystal phases (80-90 vol %) and contain aqueous solution and a gas phase. Using electron microprobe analysis and Raman spectroscopy, the following crystalline phases were identified. ), and celestite (SrSO 4 ). In addition, apatite was detected in some inclusions. Chlorides are probably present among small crystalline phases, because some analyses of aggregates of silicate and sulfate minerals showed up to 0.19-10.3 wt % Cl. Hydrogen was identified in the gas phase of polyphase inclusions by Raman spectroscopy. The composition of melt from which the chrome diopside crystallized was calculated on the basis of the investigation of silicate melt inclusions. This melt contains 53.5 wt % SiO 2 , considerable amounts of CaO (16.3 wt %), K 2 O (7.9 wt %), Na 2 O (3.5 wt %), and SO 3 (1.4 wt %) and moderate amounts of Al 2 O 3 (7.5 wt %), MgO (5.8 wt %), FeO (1.1 wt %), and H 2 O (0.75 wt %). The content of Cr 2 O 3 in the melt was 0.13 wt %. Many inclusions were homogenized at 770 − 850 ° C, when all of the crystals and the gas phase were dissolved. The material of inclusions heated up to the homogenization temperature became heterogeneous even during very fast quenching (two seconds) producing numerous small crystals. This fact implies that most of the inclusions contained a salt (rather than silicate) melt of sulfate-dominated composition. Such inclusions were formed from salt globules (with a density of about 2.5 g/cm 3 ) occurring as an emulsion in the denser (2.6 g/cm 3 ) silicate melt from which the chrome diopside crystallized.
INTRODUCTION
The Inagli deposit of chrome diopside is located 30 km west of the city of Aldan (Yakutia, Russia), within the Inagli massif of alkaline ultramafic rocks of the potassic series [1] [2] [3] [4] . The massif is situated in the northwestern margin of the Aldan shield. It is about 20 km 2 in area and is topographically manifested as a cupola structure with a central caldera. It is nearly isometric in shape and has a concentrically zoned structure. The central part of the massif is a stock, 16 km 2 in area, made up of forsterite dunite. The stock is surrounded by alkali gabbroids and pulaskites. The gabbroids are mainly shonkinites grading into mica-bearing pyroxenites. The pulaskites are accompanied by alkaline pegmatites, which occur mainly among the dunites and are less common in the zone of shonkinites. Sheet intrusions of syenite porphyry occur at the periphery of the massif within the Cambrian carbonate sequence.
The structure of the Inagli massif is controlled by a series of fault systems, the most important among which are large faults extending beyond the massif, as well as external and internal ring faults and a system of conical faults [3] . The external ring fault at the boundary of the dunite stock controls the exposures of shonkinite-pulaskite rocks. The fault was active during the development of the massif. An internal fault is distinguished in the western part of the massif on the basis of extensive fracturing, brecciation, and concentration of vein structures. The fault attenuates in the north and east.
The major units of the geologic structure of the deposit are the country dunites and the main sources of gemstones, pegmatites and feldspar-chrome diopsidephlogopite metasomatic rocks [3] . The dunites are characterized by almost horizontal fracture patterns, which give the appearance of schistosity. The dunites have the following mineral composition (%): 40 − 85 olivine, 15-60 serpentine, 0.5-3.0 chrome spinel, 0.3-3.0 chrome diopside, 0.3-3.0 phlogopite, and 0.1-3.0 magnetite. Fresh dunites from the core of the massif are composed of forsterite with 2-11% of the fayalite component and chrome spinel. Serpentinized varieties contain also serpentine and magnetite. Metasomatically altered dunites contain ferromagnesian micas (mainly phlogopite) and chrome diopside [3] .
The dunites host numerous pegmatite veins composed of early chrome diopside-bearing and late amphibole-feldspar varieties. The pegmatites form complex branching veins with apophyses and swells. Their morphology is controlled by the physical properties of the country rocks: in fractured zones, pegmatite bodies show abrupt inflections and wedgelike pinching out of individual branches. The contacts of pegmatites with the country rocks dip at angles from 30 ° to 60 ° and flatten with increasing depth to 20° [3] .
The deposit contains ten chrome diopside-bearing vein zones, among which only one is of economic importance. The zone consisting of chrome diopsidephlogopite-orthoclase rocks was tracked and contoured by open-cut and underground workings and explored by drilling to a depth of 50 m. It is about 600 m long, and its thickness ranges from 5 to 115 m averaging 60 m. The content of chrome diopside in this zone varies from a few percent to 100%. Chrome diopside crystals may be up to 20-50 cm across. They are divided by fractures into defect-free domains, from a few millimeters to 2-3 cm across. The chrome diopside is very transparent and has an intense green color. Zoned crystals were observed at the contact with the dunites. They consist of dark brown cores, yellowish green intermediate zones, and intense green margins. The chemical compositions of various chrome diopside crystals are given in Table 1 . The content of Cr 2 O 3 in these crystals is 0.13-0.51 wt % with a maximum value of 0.75 wt %.
The formation conditions and the chemical compositions of the parent medium from which chrome diopside crystallized are still unknown. The earliest data on the homogenization temperatures of polyphase (with numerous crystals) inclusions in diopside were reported in 1971 [5] . The temperatures appeared to be fairly high, 770-850 ° C. It was also found that the homogeneous phase in the heated inclusions did not remain homogeneous after even very rapid (two-second) quenching. The inclusions were always heterogenized with the formation of numerous tiny crystals. These observations suggested that the homogeneous phase in the inclusions was not a silicate liquid, which would have produced a quench glass, but a salt melt. However, no methods were available at that time for the analysis of crystal phases in the inclusions and estimation of the composition of the mineral-forming medium. During the following years, local analytical methods (electron, ion, and proton microprobe; microRaman spectroscopy; etc.) have been developed and become accessible. This provided an opportunity to reinvestigate the inclusions in chrome diopside samples from the Inagli massif by means of various modern techniques. Such investigations allowed us to reveal the coexistence of silicate melts and immiscible globules of sulfate salt melts, which provided a better insight into the formation conditions of chrome diopside.
INVESTIGATION OF INCLUSIONS IN CHROME DIOPSIDE
Methods of the Investigation of Crystal and Gas Phases in Inclusions chrome diopside crystals with polyphase inclusions were polished until the inclusions were exposed on the surface and then analyzed using Camebax Microbeam and Cameca SX-100 electron microprobes (Vernadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy of Sciences, Moscow, Russia) under the following conditions: an accelerating voltage of 15 kV, a beam current of 30 nA, and rastering over an area of 2 × 2 µ m. The accuracy of element analysis was 2% relative at contents of >10 wt %, 5% relative at 5 − 10 wt %, and 10% relative at <5 wt %. In addition, crystal and gas phases from inclusions were investigated by Raman spectroscopy at the GeoForschungsZentrum, Potsdam, Germany (Dilor XY Laser Raman Triple 800 spectrometer operating at a wavelength of 488 nm and a power of 450 mW).
Results of Inclusion Investigation as was noted above, the numerous inclusions in chrome diopside are polyphase. Their size ranges from a few to 70-100 µ m, and the majority of inclusions measure a few tens of micrometers. The inclusions are composed of numerous crystal phases accounting for 80-90 vol %, interstitial aqueous solution between the crystal phases, and a gas phase (Fig. 1) . Inclusions dominated by the gas phase were occasionally found. Crystals and aqueous solution account for a small and variable fraction of the volume of such inclusions (Fig. 1 ), which suggests a heterogeneous state of the mineral-forming medium. Most of the crystals in the inclusions are unisotropic and show different birefringence. The inclusions can be subdivided into two types on the basis of their distribution in chrome diopside. The first type includes isolated inclusions not related to any fractures; they can be unambiguously interpreted as primary. Inclusions of the second type have the same phase and chemical compositions but occur along healed fractures. We consider them as primary-secondary inclusions (after the classification of Ermakov [6] ). Primary-secondary inclusions are most common in the chrome diopside. The visual observation of inclusions in a microscopic heating stage showed that crystal dissolution begins at low temperatures of 150-200°ë . A further increase in temperature (Fig. 2) is accompanied by the dissolution of most crystals and a decrease in the volume of the gas phase. In the inclusions shown in Fig. 2 , the gas phase disappeared at 615°ë , but some crystals were still present. The cooling of the inclusion resulted in the reappearance of the gas phase and growth of small crystals.
The following silicate minerals were identified by electron microprobe analysis: potassium feldspar, phlogopite, and pectolite. Their chemical compositions are shown in Table 2 . The daughter phlogopite crystals contain from 0.03 to 0.53 wt % Cr 2 O 3 (averaging 0.31 wt %) and 0.01-0.68 wt % BaO (averaging 0.28 wt %). As the total of analyzed components in phlogopites was on average 95.7 wt %, it can be supposed that they contain ~4 wt % ç 2 é . Among other volatile components, F (0.20 wt %) and Cl (0.05%) were determined. Figure 3 shows a photomicrograph of one of such inclusions. It can be seen that the section exposed on the surface of chrome diopside and investigated with the electron microprobe is dominated by potassium feldspar and pectolite. In addition, two apatite crystals and potassium sulfate (arcanite) were detected in this section.
In addition to silicates, a number of sulfate minerals were detected in the polyphase inclusions. It should be noted that many polyphase inclusions contained only sulfate minerals and were free of silicates. In contrast, if a silicate mineral was present in an inclusion, sulfate minerals were also always detected. The electron microprobe analyses of the sulfate minerals are shown in Table 3 . The potassium-sodium sulfate glaserite (aphthitalite) [K 3 Na ( SO 4 ) 2 ] is widespread; more rare are the potassium sulfate arcanite (K 2 SO 4 ), the sodium sulfate thenardite (Na 2 SO 4 ), the sodium-calcium sulfate glauberite [Na 2 Ca ( SO 4 ) 2 ], and a calcium-sodium sulfate (Table 3 , analysis 12). The crystals exposed on the surface are sometimes very small, and the obtained analyses may reflect the chemical composition of a mixture of various minerals. Table 3 presents several examples of such analyses (nos. [13] [14] [15] , which indicate the presence of chlorides among the crystal phases, because the analyses show 0.9-10.3 wt % Cl. In addition to sulfate minerals, the inclusions contain apatite with high SrO (8.3-12.7 wt %) and a small admixture of BaO (0.16-0.41 wt %).
As was noted above, Raman spectroscopy was also used for the identification of crystal phases in the inclusions. Figure 4 gives examples of Raman spectra for two sulfate minerals, barite and glauberite. Note that an important advantage of this method is the possibility of analyzing inclusion phases without their exposure on the surface of the host mineral. One of such analyzed inclusions can be seen in Fig. 5 Intriguing results were obtained by the Raman spectroscopic analysis of the gas phase from inclusions in chrome diopside. Hydrogen and water were detected in all of the analyzed inclusions (11), whereas ëé 2 and N 2 occurred only in trace amounts (<0.005 mol %). Figure 6 illustrates a positive correlation between the integrated intensity of hydrogen spectrum in the gas phase from inclusions in chrome diopside and time. The point labeled "reverse" in the diagram was obtained after 600 s of measurement of the ç 2 spec- trum. These results indicate that the hydrogen was not generated under the influence of the laser beam but was a real component of the inclusions.
The composition of melt from which the chrome diopside crystallized was calculated from the visually estimated volume relationships and occurrence frequency of daughter minerals in the inclusions and the microprobe analyses of these minerals. The following volume proportions of phases in the inclusions were accepted: 33% potassium feldspar, 33% pectolite, 10% phlogopite, 10% chrome diopside, 3% apatite, 3% sulfates, and 8% fluid phase. The estimated melt composition is given in Table 4 . This melt contains 53.5 wt % SiO 2 ; is rich in CaO (16.3 wt %), K 2 O (7.9 wt %), Na 2 O Using the accepted proportions of daughter minerals in the inclusions and the densities of these minerals from handbooks, the density of silicate melt from which the chrome diopside crystallized can be approximately estimated. The obtained value is 2.6 g/cm 3 . In the same manner, the density of polyphase inclusions containing only sulfate minerals, aqueous solution, and a gas phase was estimated. These calculations accounted for the varying occurrence frequency of different sulfate minerals. The density of these inclusions appeared to be slightly lower, 2.5 g/cm 3 .
DISCUSSION
Hydrogen was identified previously in the gas phase of fluid inclusions by Raman spectroscopy [7] . However, it should be pointed out that among the 135 available publications that presented Raman spectroscopic analyses of the gas phase of fluid inclusions, the presence of hydrogen in the fluid was reported only in seven papers. For instance, 3.2 mol % ç 2 were obtained for a fluid inclusion in chkalovite from the alkaline igneous complex of the Gardar province, South Greenland [8] .
In addition to hydrogen, this inclusion contained ëç 4 (94.7 mol %) and ë 2 ç 6 (2.1 mol %). Minor amounts of hydrogen were also determined in fluid inclusions from minerals of metamorphic rocks: 0.03-0.21 mol % in quartz from North Wales [9] and 0.3-3.0 mol % in diopside from the Sondrio region, Italy [10] . The Raman spectroscopy of fluid inclusions was used together with gas chromatography for the investigation of the Dachang tin-base metal ore field, China [11] . The analysis of volatiles from the gas phase of an inclusion in garnet from skarns showed the following molar percentages: 2.1 ç 2 , 10.0 ëé 2 , and 87.9 ëç 4 . The temperatures of formation of the skarn minerals were 450-600°ë. Primary low-temperature (130-160°ë) fluid inclusions with hydrogen in the gas phase were found in late fluorite from the pegmatite veins of the Arkaroola region, southern Australia [12] . Higher hydrogen contents (up to 100 mol %) were observed in many fluid inclusions in quartz from the Precambrian hydrothermal uranium deposits of Oklo in Gabon and Rabbit Lake, Cluff Lake [13] , and McArthur [14] in Canada.
The occurrence of hydrogen in the composition of fluid inclusions in hydrothermal minerals is considered as a nontrivial phenomenon. On the other hand, the computer modeling of the chemical characteristics of the aqueous phase of thermodynamically closed waterrock systems (granite, syenite, diorite, basalt, and dunite of ordinary compositions) showed [15] that the aqueous solution in equilibrium with mafic-ultramafic rocks has substantially reduced characteristics, and the equilibrium fugacity of ç 2 is higher than 0.1 bar. The results of computer modeling were confirmed by experiments [16] .
The seemingly contradictory combination of the high partial pressure of ç 2 (g) and the sulfate form of sulfur occurrence in the high-temperature water-salt fluid, which was established by the investigation of polyphase inclusions in chrome diopside, is not an accidental determination but rather an inherent property of the water-rock system. This can be seen from the results of thermodynamic calculations for the waterbasic rock system at 800°ë and 2 kbar (Fig. 7) . When ç 2 (g) fugacity is lower than 0.3 bar, sulfate species are dominant in the aqueous fluid. Consequently, the reducing properties of high-temperature aqueous fluids and the presence of sulfate minerals are the normal state of the water-rock system under the elevated parameters of hydrothermal mineral formation.
Sulfate daughter minerals are not rare in melt and fluid inclusions [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . Nesbitt and Kelly [17] investigated inclusions in minerals of the Magnet Cove carbonatites (Arkansas, United States) and, in addition to chlorides and carbonates, detected a number of sulfates in them: arcanite, thenardite, gypsum, glauberite, celestite, barite, Fe-Cu sulfate, and syngenite [K 2 Ca(SO 4 ) 2 · H 2 O]. The scanning electron microscopy of polyphase inclusions in quartz from the Santa Rita porphyry copper deposit (New Mexico, United States) revealed daughter crystals of anhydrite, halite, chalcopyrite, potassium feldspar, muscovite, and iron-rich mica [18] .
Numerous primary inclusions were observed in apatite crystals from the region of the Mushugai Khuduk carbonatite complex (Mongolia). Their investigation revealed the existence of natural high-temperature (1240-1290°ë) phosphate-sulfate melts [19] . The main minerals of these inclusions are anhydrite and apatite. During subsequent investigations, magmatic celestite was found in melt inclusions in apatite from this carbonatite complex [20] . These inclusions homogenized at 1225°ë. It was shown that lower temperature (670°ë) salt melt inclusions in fluorite from the celestite-fluorite rocks of the complex contain numerous sulfate minerals: Na-Ca sulfate, strontian barite, Sr−Na-Ca sulfate, and Ba-K-Sr sulfate [21] .
Magmatic salt inclusions were found in minerals from the alkaline basaltoids of the eastern Pamirs [22] . Polyphase inclusions in fluorite contain 90-95 vol % daughter crystals, the most abundant among which (>50%) is bassanite (hydrous calcium sulfate, CaSO 4 · 0.5H 2 O). These inclusions were completely homogenized at 680-740°ë. K-Na sulfate (aphthitalite, a synonym for glaserite) was identified in high-temperature (400-700°ë) fluid inclusions in quartz from the Eikeren-Skrim granite complex in Norway [23] .
Fluid inclusions in potassium feldspar from the syenite xenoliths in the trachytes of Ponza Island (Pontine Archipelago, Italy) were investigated by Belkin et al. [24] . Using scanning electron microscopy, they identified several daughter sulfate minerals: glauberite, arcanite, anhydrite, and thenardite, as well as chlorides: halite and sylvite. These inclusions were completely homogenized between 640 and 755°ë. Several authors reported the occurrence of sulfates among the skarn minerals of the Vesuvius volcanic complex, Italy [25−27] . Sulfate minerals (glaserite, arcanite, and anhydrite) were found together with chlorides, carbonates, and opaque minerals (sulfides or oxides) among the daughter phases of polyphase inclusions in nepheline and clinopyroxene of skarns from the border zone of the igneous complex [25] . Such multicomponent salt melt existed at high temperatures, between 700 and 800°ë. Gilg et al. [26] and Fulignati et al. [27] also studied fluid inclusions in minerals from Vesuvius skarns. Salt melt inclusions were described in wollastonite, gehlenite, scapolite, and clinopyroxene. In addition to sulfates, the inclusions contain daughter crystals of sylvite, halite, calcite, apatite, fluorite, biotite, and phlogopite. The sulfate minerals are arcanite, anhydrite, syngenite, glauberite, aphthitalite, and matteuccite (NaHSO 4 · H 2 O). High homogenization temperatures of 870-890°ë were reported for these salt melt inclusions of chloride-carbonate-sulfate-fluoride-silicate composition.
A marvelous photomicrograph of a silicate-salt inclusion in clinopyroxene from mafic xenoliths of Ventotene Island (Italy) was presented by De Vivo et al. [28] . This inclusion contained silicate glass (8.9 wt % ä 2 é, 0.93 wt % ê 2 é 5 , and 0.45 wt % S), Cu-bearing iron sulfide, a ëé 2 -bearing gas phase, and a salt globule consisting of a number of crystals, among which carbonates (including calcite) and sulfates (including barite) were identified.
Alkaline calcium-rich sulfate-carbonate melt inclusions were observed in the melilite-monticellite-olivine rocks of the Malyi Murun alkaline massif (Aldan, Russia) by Panina and Usol'tseva [29, 30] . These authors calculated the normative compositions of the inclusions and showed that they contained the following sulfates: Na 2 SO 4 , K 2 SO 4 , CaSO 4 , and BaSO 4 . Homogenization temperatures of 1060-1190°ë were reported for these inclusions.
In the past few years, findings of sulfate minerals as daughter phases in inclusions were reported by several authors [12, 31, 32] . Anhydrite was identified by Raman spectroscopy in melt inclusion in diopside from the diopside-titanite pegmatite veins of the Arkaroola region, southern Australia [12] . Numerous sulfates of Ca, Na, K, Sr, and Ba (anhydrite, barytocelestite, celestite, thenardite, arcanite, and aphthitalite) were identified in melt inclusions in aegirine-diopside and titanite from the carbonatites and shonkinites of southwestern Transbaikalia [31] . These inclusions were homogenized at 1000°ë. Kamenetsky et al. [32] studied in detail extremely fresh essentially anhydrous (<0.5 wt % ç 2 é) kimberlite samples from the Udachnaya East pipe (Siberia, Russia). In addition to apatite, silicates (phlogopite), carbonates, and chlorides, they identified various sulfate minerals (aphthitalite, Ba-, Ca-, Sr-Ca-Ba, and Na-Ca sulfates) in shortite and in the rock groundmass.
It should be noted that sulfate minerals in inclusions in various minerals were mostly discovered during the investigation of alkaline mafic magmas or carbonatites. Essentially chloride salt melts are more common in magmas of silicic compositions [e.g., [33] [34] [35] [36] [37] [38] [39] . One of the first published descriptions of such melts was that of Roedder and Coombs [33] . They studied melt and fluid inclusions in quartz from the granitic rocks of Ascension Island and demonstrated the existence of immiscibility between chloride and silicate melts. Subsequently, the phenomena of silicate-chloride melt immiscibility were reported from other complexes of various regions [e.g., [34] [35] [36] [37] [38] [39] .
Coexisting silicate and chloride melts were observed during thermometric experiments with inclusions in quartz from the granitoids of the Mariktikan pluton (Buryatia, Russia) [34] . These authors presented photomicrographs of such inclusions with two immiscible melts at 980°ë. It was also noted that such inclusions were observed only in the central part of the massif, where they occur in quartz crystals from miarolitic cavities and in rock-forming quartz from granites near such cavities.
Melt inclusions of two different compositions, silicate and chloride, were found in quartz from the granite porphyries of the Priangrenskii district of the Kurama Mountains (Uzbekistan) [36] . The silicate melt inclusions were homogenized at 780-950°ë, and their quenching produced a homogeneous silicic glass (73.6 wt % SiO 2 and 4.4 wt % ä 2 é) with high contents of Cl (0.33 wt %) and F (0.42 wt %). The chloride melt inclusions are most common in quartz and were homogenized at high temperatures from 680 to 820°ë. Their qualitative microprobe analysis showed the prevalence of Na and Cl; the presence of K, Fe, and Mn; and negligible amounts of Mg, Ti, Ca, and F. Similar high-temperature silicate and chloride melts were investigated in quartz from the Mount Genis granites (southeastern Sardinia, Italy) [37] and in quartz from the pantellerites of the Island of Pantelleria (Italy) [38] .
Among the most recent contributions are our studies of the Industrial'noe tin deposit in northeastern Russia [39, 40] . The investigation of inclusions showed that magmatic silicate melts (73.2 wt % SiO 2 , 3.1 wt % Na 2 O, and 4.5 wt % K 2 O) associated with globules of chloride melts during the crystallization of quartz in the granites. The silicate melt (760-1020°ë) showed elevated Cl contents (up to 0.51 wt % and 0.31 wt % on average for 12 analyses). Using a proton microprobe (PIXE), the distribution and contents of a number of elements were determined in polyphase salt globules, which were found in quartz from granites and from a mineralized miarolitic cavity in them. The analysis of salt globules in quartz from both the granites (8 analyses) and the miarolitic cavity (29 analyses) revealed high average contents (wt %) of Cl (27.5-25.0), Fe (9.7-5.4), Mn (1.1-1.0), Cu (7.2), Zn (0.66-0.50), Pb (0.37-0.24), and some trace elements, including (average, ppm) Rb (1850-810), As (2020), Sr (1090), Br (990-470), and Sn (540).
CONCLUSIONS
(1) Primary and primary-secondary polyphase inclusions were investigated in chrome diopside from the Inagli gemstone deposit. The compositions of daughter crystalline phases from inclusions were determined. They are dominated by sulfate minerals: glaserite, glauberite, anhydrite, gypsum, barite, bloedite, thenardite, polyhalite, arcanite, aluminum sulfate, and celestite. Among the silicate minerals, potassium feldspar, pectolite, and phlogopite were identified. It was concluded that the chrome diopside crystallized from a silicate melt (with a density of ~2.6 g/cm 3 ), which contained the emulsion of less dense (~2.5 g/cm 3 ) salt globules of sulfate-dominated compositions.
(2) The composition of the parental melt of chrome diopside was calculated. This melt (53.5 wt % SiO 2 ) showed high contents of CaO (16.3 wt %), K 2 O (7.9 wt %), Na 2 O (3.5 wt %), and SO 3 (1.4 wt %); relatively minor contents of Al 2 O 3 (7.5 wt %) and MgO (5.8 wt %); and low FeO (1.1 wt %). The contents of volatile components in the melt were also rather low: 0.75 wt % H 2 O, 0.11 wt % F, and 0.03 wt % Cl. The melt contained 0.13 wt % Cr 2 O 3 , 0.37 wt % SrO, and 0.13 wt % BaO.
(3) The Raman spectroscopy of the gas phase of the inclusions indicated the presence of hydrogen. Thermodynamic calculations for the water-basic rock system at 800°ë and 2 kbar suggest that sulfate species are predominant in aqueous fluid at an ç 2 (g) fugacity of less than 0.3 bar.
(4) The analysis of available published data showed that, in most cases, sulfate daughter phases in inclusions in various minerals were found during the inves-tigation of alkaline mafic magmas and carbonatites. Salt melts of chloride-dominated compositions are more common in felsic magmas.
